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RADICACTIVY FISSICH PLIDUCT QUNT...li-TIch IW THL [UD CF

VHITL GAK DRAIIL.GZ SYSTIA
Jdo. S. Cheka and K. Z. Morgan

The ’hitc Cak Creex draincge busin is used far the disposal of
radicactive wastes. The water is ;urified to a large extent by the
precipitation and adsorption on \413"' and crganic mberial of nany of
the radicactive isctopes. Deposition of activity has varied wibth cian;es
in plant processes. During 1944, vhen Pu separation wes tihe chief pro-
cess, deposition ratio cetween the marsh at tle upper end of the basin
and the mouth of the Lhite Cak Creek differed by a factor of avout 104,
the marsh having vulues up to 0.4 -Y¢/sr. of surface mud. During 1945,
when Ba sepafation was the chief procesa, values at the rersh dro ppéd to
less than half of the 1944 values, but the deposition rotio differed by a
factor of iess than 1000 between the above menticned points. an assay
of total curie content in the basin in April 1945 shoved about 70 curies
still being retained by the mud. This figure is 137 of the estim;ated
total activity relecsed into the busin between the beginning of operations
ang the time of tle survey, Chemical analyses‘indicat.c that the distri-
bution of isotopes also changed; Ba, Sr and Cs totals being iess than 13
in 1944, and becoring about 50% late in 1945, Zr and Cb totals, meunwhile,

drozping from about 75% in 1944 to about 2% late in 1945.




‘ Introduction
- The purpose cf this paper is to describe the radloactivity retuined
by»md in' the Vjhite Oak drainuge system of Clinton Laboratories. ..nother
paper(l)describes the radiocactivity of the discharged water, |
Figure 6 indicates the principal components of the hite Cak drain- e
systen as (1) the settling pond, (2) upper dike, (3) marsh sectlon, (4) inter-
_ mediate pond, (5) lower dike, (6) White Cak Loke mud flats, (7) White Cak
1ake, (8) marsh below "/ite Oak Lake, and (9) the Clinch River. The various
barriers to water fiow in this system were provided with very lit.t.le effort
or cost since the entire hite Qak drainage system is I'Ji‘c.!m;‘n the Cuik Ridpe
restricted area. This system permits the removal of considerable fractions
of most of tle radioactive elements from the water by iwmd and plent 1life
before the waste water éxters the Clinch River. This systenm of rursh sections
. | and mud flats is largely furnished by nature and hos the advontaze of ree-
quiring a minimm of upkeep effert. It is tme that the long lived radio-
isotopes tend to tmild up concentrations in the rmd in a manrer thet they can
be partly washed down strean during flood season. Howsver, measurenents
indicate that the increase in dilution water during a heavy rain usunlly
more than compensates for tle increase in the rute of discharze of radicactive
materials at such a time. as a result, the curies per milliliter dischur:ed
into the Clinch P.i\fer do not change very much, even with an increase in 1’:}1:
rate of flow of .hite Qak Creek by a factor of perhapsv 50 during flood
periods. In the normcl course of flow of ‘hite Ozk Creek thars is a dilution
factor of zbout 8 in the creek between where the plant waste enters «nd ihere
it enpties into the Clinch River. The total normal dlution factor between

- the time waste water leaves the setiling pond and nixes in Clinch River 1s about

. 3,000. . )

unauthorized person is prohibited by law-




1. Toposrarhy and Function of L= Draina-e Basin

The marsh formed by tle two above mentioned dilies is approxicuately
2,000 feet long, end it dakes aboub 4.5 hours for wuter to fiow between
these dikes ty the most direet currents. The decontaminatiocn vhiich bejan in
the sebtling pond contimes here; artly oy.e furtha setiling of susuended
precipitates, wnd partly by adsorptlion oi‘""fission—pmducts to the alumino-
silic.tes of tle cley vhich forms most of the bed of the marsh. adsorption
takes place ty ion exchonge, (z)the- heavisr elemerts and those with hi her .
charges having greater binding cnergiles, and thus remuining fixed. There is
also a possible flocculation of positively churged collcids due to ir;‘:,cracticn
with negotively chargzed ciay. Drs. Cversireet cnd Jacobson élso made
measurcmerrts(3>'.':11ich indicated that less than 53 of the total activity {rom
the -6 waste tunk esczpes adsorpticn on Clinton clays. Tellurium is the
only fission vroduct which Is not alrost completely tuken un by the eluy.
Studies made on plunts indicated thaet growing plont roots olso serve to re-
move fission products from the water znd ciay end fix thoen on the root surfaces.
In the case of s'rontium, a lurge fraction is transiccated in tic stems and
leuves.

The hite Qalt Dam backs up lhe creek ctout 2,000 . with tie upper
gate open, and apbout twice that distance vdth the upper gote closed. The lake
thus formed hus an area of about ’17 acres with the upper gote open und about
32.5 acres with the upper gate closed. Passage of wuter along the midn
channel was measured Ly the use of dyes znd it wes found that it reulres about
20 hours with the top gate cpen for water to flow from the settling pond to
“hite Oak Dam. This time is, of course, subject to variation with rainfall.

On the other hand, as the rainfull increases, the diluticn increases and the

water spreads out slowly over & widening area of rud flats and marsh sections.
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Due to the numercus barriers zlong the .hite (ak systen,
tendency towurd streazming, and the zctive mud stirred up in the min creek
channel spreads slowly and rather unifor:iy over wn inmereasing lmpoundinz
area.

Previocus to (Qctober, i%44, & smail pond, at point 75 on the map shown
in Fig. 6, acted as a trzp for entrained flikes of precipitutes. The inter-
medizte pond at tfhe lower end of the marsh acts 2s a sort of trap for silt
which may be washed from the rest of the mrsh auring heavy rxins. It is
1.2 acres in area, 1 to 3 ft. in depth and has & series of rid;es ucross the
main channel, which uct as baffles. There is 2 4 to 8 in. deuosit of uilt

throughout most of this pond.

2. Samplins and Counting

Routinely ccilected mud suamgies are cctainad from the top Cob el of
the crecek ced; lake wotiom und nud cunks, bach sample 1s thoroughly mixed
4 and a dab is uniforsly spread on o pebri digh and dried. after weli hin:,
these are comnted in z beta chuamber, using & :des vdndow coanter. Correcticns
are made for oacksround, scattering und geometry of the counter. These
correcticns are determined .,y cormparison with & standard vets source.

1l be discussed

hEN

Correction is mode for self-absorgbion of ths mud, which «
loter. Counts per minde per sram are convertea to microcuries per . ram
using the formula:

~4c/am = counts/min/en x 1 x self sbsrition coefficient.
counter factor 60U x 3.7 x 1i#

3. Surveys snd Findings

. ) - X {2
The first mud surveys on recora wre those of Cverstreet wund Jacobson® 2)

on 4/26/hk and 5/1/LL. The hish contuminution of the creex ted siown by

S g =it €
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. the first of tiese surveys ioblivsted the discunbinuuance of the rotuniliun
ponds and the consuruction of tie settling cond deserived oy Lorgan wnd

- .,cst.em.(l)Discmrge into the drainuge system wus stogsed on 4/26/44 cnd wes
resumed on 7/5/44. Since izt time, surveys have Leen rude repularly of
the :md -nd water activity.

Figures 1 unu 2 show the districution of mud activity thro. jious ine

“hite Cak drsinugse system for 1944 ind 1945 respcctivery. 8 cun be seen
from the :raphs, tie sarpling points werc gro:ped aceorcing to the nuture of
locution zng distance from Lhe settiing pond. It was considered thut tie
averazze of a similar sroup of sunpies was nore reyresentative of true vi.ues
than the values from wingle locztions. Figure 2 regresnting 1945 his .ore
points si:ovm than Filgure 1 vecuuse the early surveys tere nob zs c:ﬁ:nylctc.

1 FPiure 2 indicates tiet

fo

A comparison of the ruinfull chert of Fisure 3 it

. for L1544 e pericds of Lcavier ruins caused & _reuus: umiount of activity to
.. reuch ine lower zress of the casin. The huif-disturce, cr the distunce doun-

streum from bhe sebulin pond ot wnich the webivibty drops to (L ibs viduc,
is about 1,200 feet In ~pril cnd .ugust ohen Jhe roinfzlil is recter taon 3

N < Lo

ineche s/month anu avout 806 ft. in July andoctober when rainfail 1s less tlon

2 inches/month. . comparison of tiese vilues with tivse of 1945 is ro
valid because of the frejuent chanses in canstituerts of the chemical wastes
after discontinuance of the plutoniusn separction operatiocns in the 205
building,.

Fizures 3 and 4 are swasaries of md data for 1944 und 1945, These
graphs indicute hiow Lhe radicactivity at a given location varies it h time and
with conditions at the tize. Figure 3 covers grouped sampling points doun

to the upper end of hite Oak Lake, and Figure 4 the points in lower lhite

‘ Oak Lase znd pelow. Hotations are sode, srowing tie tires 2t which major
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chunges took pisce in operstions. & monthly surmary of ruinfill sus wiso
been sdded to each durt.

Several phenomena are Limediately evident from these curts. ud
activity after 7 weeks of dischurge throush the retention ponds Luad resxched
spuroximataly 0.4 rmdcrocuries per sram b points as foar win as the zursh
section. Six weeks idthout disclurge brought about 2 drop in the rodio=-
activity of the mud in the unper portion of the drainage system oy u factor
of from 200 to 80U, prineipalily due w 2 scouring effect, \A survey taken z
few days after discharge was resumed, usixig the m=w settliing pond, siiowed
that the activity at the uiper end of tie creek ixd risen to a.out 10% of
its high value on april 26, 1944. Effects of this dischargé were not a_.parent
at the lake, ard below, until ztout o month after it was ocesun.

The mud activity rose somewhat thmu;hout the druainage system during
the summer. It was noted that algaé, growing abt the Dttom of the settliing
pond were becoming dislod;ed oy Cup bubble fiotation, anc werc passiug out of
the pond through the cutlet weirs carrying consicerubie guuntitlies of rudio=-
active materizl. EFaffies s siilelding the sutlet weirs, vere instu.led in
august, L1944, and suosciuent surveys snaved mud activity downstrezs to huve
dropped by & factor of 2 to €.

The next significant chance in mud zctivity was produced vy the flood
of Septerber 29, At this time the creek overflaied its banXs and a consideracie
stream of water flowed tluzu:;h the settling pond. It/is probtatle that a sreat
amount of activity was emtrained by tiils stream, but the enormous rate of
dilution nade it impossible to detect any siegnificunt increase in concert rution
- of radicactive isotopes in the water, luch of this excessive contamination was
deposited downstream in the clzy of White Jak droinage systes, as iu vinaic:.:t.cd

by & sharp risc in airves of Figures 3 and 4. The radioactive isotopes that
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were entrained by the rmud did not cause @ neb iner-ose in vhe mud zelivity
of tne Clinch River. .Aiite Jak Crzek was deepcned and widened during
Cctober and November, for & distance of a few hundred y:rds whiere it iassed
t.he settling pond, to enable it to accormodate futwre floods without jeoparde
izing the pond., In the course of the excavation, the smell vona urevisusly
nenticnea at point 4 was destroyed. Consejuentiy, duc to the flood znd the
excavation, the radioactivity upstrsam at point s decreased vhile vulues
dovmstrean increased as & result of tine radioactive mud washed from upstream.

A sharp rise in activity aspeared in the cresk ved curing Januzry, 1%45,
when the rlutonium Separztions Building was clesned up after the cessation of
separation operaticns. This radicactivity subsided in a short time, and
values remained foirly constunt at the December level until the burium
separations begon in volume in Buildings 706C and 706D. The radioactivity
in the Clinch River mud at the mouth of ‘hite (ak Creek begen rising ezrly
in 1945, and has followsd somewhat erraticaliy the fluctuations in the
radioactivity of the mud in Vhite Cak drainage system.

The 706C and 706D Buildings' chemic:l wastes are the result of different
isotope separations from young slugs and tehave differently in the cooling
tanks, settling pond wund drainage system from those resulting from t}m
separation of plutoniwn. 48 a result, the precipiiztion of uctive constituents
upon dilution occurs to ¢ lesser de;ree, znd about half or iore of the curie
contert of the supermie itlet is jetted out of tenk -6 passes throigh the .
settling pond‘ and into the ‘’hite Cak Basin. 45 a result, when building 706D
was put into full operation in June, 1945, enough contuidnution was carried
thraugh the settling pond to increxse the mud activity by a factor of accut
10 throughout the drainage basin. .ilso, tle half distence increased to about

2400 feet under these conditions, indicasting ¢ decrease in the percentage
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decontamination per unit distance. It my be noted also that zrouped
readings of the radioactive mud at G, the junction of ..hite Qak Creek with
ti» Clinch River, increased in the course of one year by a factor of
almost 100, reaching 1.7 x 1073 4c/gm in September 1945.

The addition of CaCl, to tank \,~5 was resumed in July. This caused a
slight drop in creek mud contamination, reaching a reduction factor of 5
by the end of December,

4. Fission-Product Assay

During the months of March and April, 1945, an assay of fission~product
contamination was mads throu(,hout the whole iihite Cak druinage systcm by
L. ll. WJeeks, (4) The flrst problem was to make a careful survey oi‘ a1l trhie
drzinage urea and to mark off a grid to aid in systematiecally locating
sumpling oints. The assay was made by securing core saiples of mud at
these regular intervals, mixing the core samples to eliminate stratification,
and Qetemi.ning the curie content of each sample by counting the beta~gaxa
activity in the usual manner with 2 xdca window Geiger~iuller counter.

The samples were obtained by meuns of a piece of 2 inch i.d. iron pipe,
turned to a taper at the end so that it could be pushed into thc nud uvithout
disarranging the stratification, Preliminary tests were made on severul cores
to determine how de;p a4 sample would mave to be taken., It was founa tluit,
except for the old stream bed above the upper dyke and the channel in ' hite
Oak lake, most of the activity was contained in the 2 to 6 inches of a core,
““hen sampling,  the bottom of each core was tested. If the radioactivity was
not found to be zero, a deeper core was obtained at thut point.

Tvio test samples were taken und counted from each thorouzily mixed
core sanple. If the two samples did not check, tlie core was uixed further
anc retested. The %aluance of tlie core was titen dried and wei_hed, wna the
total curie content calculated. From this resuit, the numver of micro-

curies per s.uare foot wms calculated. In counting, the time for aygroximately




. 10,000 ecounts was used, except that the co.nting times wers limited to ten
. minutes if the samples were not active enough tc give 1000 ¢/min.
The above procedure was repeated in October 1946, by H. R. Craft and

the results of these two surveys are given in Table I.

Table I

Total Radioactivity of ‘hite Qak Drainaze System

Approximate April 1945 Ocbober 1946
Distunce Below Total ictivity . Total .ectivity
location Settling Pond (ft.)| Av./“c/ft2 {Curies) av./‘c/ft.z {Curies)
¥arsh 2,120 2l.5 42.7 145.5 67.8
Intermedizte Pond 3,250 .87.6 4.6 - -
V. Q. Lake iud Flats 6,900 ©22.0 1.6 9.6 5.5
‘I, ©. Lake {south of
.¥rees across lake) 8,600 £.5 6.6 7.1 13.6
1. below spillwuy 10,350 1.04 0.3 2.7 a9
Probsble Total Curiss - 6‘}.3 95

It was estimated by . L. Smith (6) trat aboat 5 curies/day were dis-
charged into the Creek during the 52 days tmf: the rctention ponds were
used, Morpgan and ..estern (v indicate that a total of ubout 50 curies were
discharged from the beginning: of operutions of GClinton laborutories until the
time of the April 1945 seneral mud survey., Thus, about 13% of the activity
discharged into . hite Qak drainage system during a year and a half of
operation still remeined in the mud in April 1945. Durin; the seventeen
months between this and the Gctober 1946 survey, an estirrted add tional

- 890 curies were discharged into the system, making a total of 1410 Beta
curies since the beginnings of operation. Of this quantity about 73 was
detected during the uctober 1946 survey.

. It is never possible to make an accurate estirpte of the curies one

would expect to find in the hite Oak Drainage system. However, a very
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rough estimate has been made on tho besis of two assumptioms; first, thst
all the radioactive isotopes that ascaped from the Ssttling Pond were
deposited on the clay of the basin, snd second, that the precipitation in
the pond was uniform and consistent with experimental results obtained by
R. S. Apple (72 who ren sxperiments to determine what part of the original

isotope content of W6 supernate would precipitate on dilution with pond
water., Using a distribution besed on Apple's analysis of unprecipitated
isotopes at 35:1 dilution, curis content on April 26, 1944, at the end of
52 days of discharge through the retention ponds was celculated by edding
the results of integrating de, =Ky -Ae; from t 20 to t = 52, where
Ki,Ai and ¢4 sre the averaggtdaily discharge, the dacay constsnt, and the
curie content, respectively, for each radiocactive isotope. Discharges for
the months subsequent to the opening of the Settling Pond were assumed to
have the same fission-product distribution, and for simpliecity of calcu=
lstion the totel ﬁonthly curie discharge was assumed to tske place ir the
middle of the month. Then thc curie content, C, prasent at the time of the
April 1945 assay would be £Cy = $Cq0™ 1", vhen t is teken individuelly for
the brtch rresent on April 26, 1944, and that of each month since the
Settling Pond hss besen in operation. These crliculations gave 97.5 beta
curies as the avproximstion of the smount vhich might be expccted to be
present st the time of the April 1945 assay.

Seversl discropancios exist in the assumptions used as bases for the
ostinate. Ths.retention ponds, as previously mentioned, lost considerabls
quantities of active precipitate st times of drainage; verious smounts of
radio=-isctopes escsped into the Clinch River, as shovn by llorgen end ﬁestern(l);
and the analysis of Apple (7lwas probably valid only during the time that the
plutonium separation operstions were the primary source of wastos passing
through the Settling Pond, i.e., through Jemery 1945. From these con-
siderations it appears that the figure of 97.5 curies is » low estinste of

the discharged curies remsining in Aoril 1O/K oftar srmaidacien 2t o=t

I




decay. Consequently, one might conclude that the White Ogk brain is, at
best, not over 70% efficient s8 a decontaminsting sgent for radiozctive
plant wastes.

5. Self-Absorption in !ud

A mejor potential source of srror in evaluzting mud activity is the
self-absorption of thé sample itself. This is s variable source of error,
depending on the thickness of the dried sarple a8 érepared for counting,
end the type of rud, In magnitude, it sy vrry the fesultant by a fescter
of 2 to 4 in the normal range of thicknesses of samples vhich is 0,15 to
0.3 gn/em?.

The self-gbsorption coefficient was determined by prepsring a seriss of
samples from the seme specimen, ranging in thiekness from sbout 0,025
gn/en? to about 1 gm/em?. The valuss of c/min/gm were plottad as a function
of gm/cm2 on semi~log peper and the resulting curve extrapolated to zero
thickness of sample. From this extrapolation, the self~ebsorption cocf-
ficient or the ratio of true count to actual count was astimsted.

Figure 5 shows the results of several determinations made at differ-
ent times. Curve A is the resultant of several random samples collected in
Januery, 1945, Curve B is for semples collected in July, 1945, by A. T.

. Greenvocd. It is obvious thet self-absorption is considerably less at the
latter date., The self-absorption depends chiefly on the energies of the
radiation encountered, and to some extent tpon the ratios of beta to garmsa
activity, Iﬁ genersl, among betg'emitters, a long-lived olement has a
softer radiation than one witl a short life, and the difference in Curves A
and B is consistent with the previously mentioned increasse in short-lived
constituents in the chemical westes due to the barium separation operations

in 19450. It frequently ha:rpens that thers is selective adsorption of sore

of the.radioisotopes in the mud, This’property varies with the chericsl

OIS
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. properties of the water and mud, sand with the plant life present in the mud.
) The tkin window counters used are about 100 times more semsitive to hetas then
to gammas when thin samples sre used, but a thick srmple tends to accentuste
the gamme counts. Curve C of Figure 5 represents a similar determinstion in
Januery 1946,

It appears necessary to make a detemination of the self=-absorption
coasfficient periodically, easpeciclly vwhenever a chsnge in operstions brings
about a change in the composition of the chemical wastes.

6. Chemical Anslyses for Specific Activities

Chemienl enalyses were made occasionally to identify and evsluaste the
reletive amounts of the various fission products present in the rud of the
White Oak drsinage systsui, These enalyses give some indiestion of the
effectiveness of the mud in the rcmovel of specific activities from the
. water wastes,

The first samples analyzed were those tsken on /./26/44 by Overstreet

and Jacobson. ‘2) The results sre given in Table 2.
Tabla 2

Element © Sample D Sample E Sarple F

(marsh) {Int. pond) ' {1ake)
Ba and Sy .88 JOf% 1..7%
Zr 46.7 , 47.2 43.7
Chb 34.9 32.6 34.8
 Ce 12.8 13.8 1.1
¥ &rr 4uT1 5446 5.9
Gross c/min/gnl 41,200 6,840 1,220




. Samples collected on 6/10/4/ snd snelyzed by J. G. Hsmilton gave the results
b shown in Table 3. ‘
Table 3

Slenent (S%;T iﬁt:‘iet) Sazxrzai:hlzs i Sezg.aizszz

Ba & Sr | ST0% L 1.

Zr 55 47 41

Cb 282 32.2 38

Ce 12 i7A 13

Y & Pr 4 5.5 5.6

Gross ¢/min/gn 42,500 8,450 1,540

An englysis by D, 1, Black on serples collected 4/14/45 showed s chenge in

specific sctivities. The results sre given in Table 4,

. Teble 4
Element 1 Ssrple 2 | Sampls A |{Sarple 1B éSer.ple 4B
R.E.(mostly Ce) « 62.5¢ 50.0% 73.0¢4 71.5%
sr’ . 6.3 74 1.3 -9
Zr i 94 19.1 9.4 2.3
Chb _ 7.3 10,3 1.9 5.5
Ru ; 1.6 13.4 14.5 13.8
Gross c¢/min/gm % 260 N7 1,370 1,760

The ratio of thesetivity of strontium to the other spéci;fic activities is

considerabiy higher in this test than in those surr.“arizedv in Tables 2 and 3,

However, considering the swull vslue of the gross activity, the results of
. this test sre less significent, both becsause cf the 131;331‘ probeble error end

the small abunlute velue of strontium present,
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Tsble 5, representing results of snalyses mede by Black on 8/15/45 and

specific sctivities of berium, strontium and cesium,

. J. E. Hudgens on 2/15/46, respectively, shows a significant rise in the

These results sitow

further the rediecal difference in the cherical wastes from the Barium Sepsrations

Plant in Building 706D from those of the plutonium separstions carried out in

Building 205 until Februsry 1945.

 Table 5
Element taragh Sample|Sarple A {rarsh) iSerple B (Int.P.}Senple C (lrke
Blesent | laxeh SpnlelSergle b ransh] ergle b [intasu) emnge, © vl
Ba 8.1% 19.4% 12.97

Ru 21.0 15.2 14.3

Sr 10.1 15.9 23.1 36
R.E. 27.9 46.7 40.7

Ch O4 |

ir _ 1.1 0.9 Nt

Cs 31;7 10.6 11.1

‘Gross ¢/m/g 2269 1297 753 |

Table € represents estirated total quentities of barium, strontium and

cesium on variocus dates.

These vslues are calculeted from percentages of

these elements, 2s shéwn by chemical analyses, and totel sctivities of the

mui, as shown by standard survey methods on the respective dstes.

Isble 6

Dste { Av, total 4 c/gm Probable 4 c/gr. of % (Ba, Sr, & Cs)
I in mud of msrsh Ba, Sr & Cg) in mersh !

Y /26/44 3.7 x 10°1 3.25 x 10=3 57
6/10/44, 2.3 x 1073 2.26 x 10°5 .98

b/ 14/45 3.4 x 1072 Leb2 x 1074 1.3
8/15/45 4.8 x 1072 2.2 x 1072 50,4,
2/14/46 1.28 x 102 5,08 x 10°3 45.9




. Tellurium was not identi-ﬁed in any of thess anslyses, although
* Overstreet and Jacobson(z)reportad that h-6 supernate contains 4.297 of
Tellurium, .

In an overall evaluation of the White Oszk Creek besin s a part of ths
wagte water decontemination process, one might conclude thet it has served
its purpose well, With the proposed changes of process, and consegquent
changes in the nature of the chericrl wastes, further changes in the
decontaminstion of wastes may be required in order to keep the Vhite Cak

lake effluent within safe limits. In general, it seems that s slowly
. flowing dreinsge system like Thite éak Creek and lake with 8 clay bottom
is sn economicel and rather efficient means of ramﬁving fission products

from plent waste water.

/
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